The present investigation aimed at evaluating five freshly prepared juices for their contamination with yeasts and filamentous fungi. The mean pH values of juice samples ranged from 4.62 in strawberry to 6.45 in sugarcane. The general isolation medium DRBC supported more fungal species diversity in all juices, than both xerophilic media DG18 and MY50G. DRBC also supported more propagules originated from different juice types than DG18, however, more propagules were obtained on MY50G from only guava and orange juices. The highest numbers of propagules recovered on the three media were also from sugarcane followed by strawberry and guava, while the lowest from mango and orange. Moreover, yeasts almost predominated on DRBC, but filamentous fungi CFU excelled on DG18 in sugarcane and strawberry and on MY50G in orange only. Yeasts were represented by 25 genera and 48 species. Candida was the dominant genus of yeasts that contributed 11 species, from which C. bentonensis, C. quercitrusa, C. saitoana, C. santamariae var. membranifaciens, C. smithsonii, C. spandovensis and C. tropicalis were regularly identified from all juices on all isolation media, beside Hanseniaspora (2 species, from which H. uvarum), Pichia (5 spp., P. kluyveri, P. terricola), Cryptococcus (C. albidus var. kuetzingii), Debaryomyces (D. nepalensis), Papiliotrema (4 spp., P. terrestris), Rhodotorula (3 spp.), Saccharomycopsis (S. crataegensis), Saprochaete (S. gigas) and Torulospora (T. delbrueckii). Some other yeast species were recovered only from one juice but not from the others. Filamentous fungi e.g. Aspergillus (14 species, from which A. flavus), Aureobasidium pullulans, Cladosporium (8 spp., C. cladosporioides, C. herbarum, C. sphaerospermum), Exophiala (2 spp.), Fusarium (6 spp.) and Penicillium (18 spp., P. chrysogenum and P. raistrickii.) were found contaminating all juices on almost all isolation media. Notably, 29 yeasts and filamentous species were reported on the xerophilic media only. Some filamentous species were also encountered from one juice only.
Introduction
Fresh fruit juices are very much appreciated from their delicious taste and high vitamin content. They, however, contain a microbiota which is normally present on the surface of fruits during harvest, transport, storage, and processing (Tournas et al. 2006) . Yeasts represent the main incubated at 25° C for 2 days. A small amount of fungal biomass was scraped off and suspended in 100 µl of distilled water and boiled at 100°C for 15 minutes following the manufacturer's protocol (SolGent Company, Daejeon, South Korea) . The samples were directly sent for extraction and sequencing. Yeast DNA was extracted and isolated using SolGent purification beads at this company. Internal transcribed spacer (ITS) sequences of nuclear ribosomal DNA were amplified using the universal primer ITS1 (5'-TCC GTA GGT GAA CCT GCG G -3'), and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC -3'). Then amplification was performed using the polymerase chain reaction (PCR) (The GeneAmp® PCR System 9700 thermal cycler, Applied Biosystems, Foster City, California, USA). The PCR reaction mixtures were prepared using SolGent EF-Taq as follows: 10X EF-Taq buffer 2.5 µl, 10 mMdNTP (T) 0.5 µl, primer (F-10p) 1.0 µl, primer (R-10p) 1.0 µl, EF-Taq (2.5 U) 0.25 µl, template 1.0 µl, DW up to 25 µl. Then the amplification was carried out using the following PCR reaction conditions: one round of amplification consisting of denaturation at 95°C for 15 min followed by 30 cycles of denaturation at 95°C for 20 s, annealing at 50°C for 40 s and extension at 72°C for 1 min., with a final extension step of 72°C for 5 min.
The PCR products were then purified with the SolGent PCR Purification Kit-Ultra prior to sequencing. Then the purified PCR products were reconfirmed (using size marker) by electrophoresis of the PCR products on 1% agarose gel. Then these bands were eluted and sequenced. Each sample was sequenced in the sense and antisense direction. Contigs were created from the sequence data using the CLCBio Main Workbench program. The sequence obtained from 359 each isolate was further analysed using BLAST from the National Center of Biotechnology Information (NCBI) website. Sequences obtained together with those retrieved from the GenBank database were subjected to the Clustal W analysis using MegAlign software version 5.05 (DNASTAR Inc., Madison, Wisconsin, USA) for the phylogenetic analysis (Thompson et al. 1994) . Sequence data were deposited in GenBank and accession numbers are given for them.
Results

PH of juice samples and fungal diversity
The mean pH values of juice samples ranged from 4.62 in strawberry and 4.66 in orange to 6.45 in sugarcane (Table 1) . A total of 56 genera and 136 species + 6 varieties (31 genera and 92 species + 2 varieties of filamentous fungi, and 25 genera and 44 species + 4 varieties of yeasts) were recovered from all fruit juices investigated on DRBC (89 species + 3 varieties), DG18 (79 species + 5 varieties) and MY50G (103 species + 5 varieties). In all juices the mean total CFU of all fungi and yeasts recovered on DRBC exceeded those recovered on DG18 and MY50 except for guava/orange on MY50G. The diversity of yeast species recovered on all isolation media was more (or at least equal in numbers) in sugarcane, guava and orange juices, but filamentous species diversity was more pronounced in mango and strawberry (Table 1) .
The yeast isolates were characterized using phenotypic, physiological (Table 2 ) and molecular (Table 3 ) methods while filamentous fungi were identified using phenotypic characteristics based on macro-and microscopic features. Representative strains of the species recovered are deposited at Assiut University Mycological Center Culture Collection (AUMC) and ITS gene sequences of the yeast strains were deposited at NCBI and accession numbers are given for them (Table 3) .
Fungi recovered from fruit juices on DRBC
Sugarcane juice was the most heavily contaminated with fungal CFU (500572 CFU/ml in all samples analyzed) followed by strawberry (117729 CFU), while orange (51220 CFU), mango (67750 CFU) and guava (76000 CFU) juices were less contaminated (Table 3) . Yeasts comprised the major proportions in all juice types (93.03% of the total count of fungi in guava juice to 54.78% in orange juice) (Table 4) .
A total of 103 species and 5 varieties belonging to 41 genera were recovered from all juice samples investigated on DRBC. From these, 40 species and 4 varieties assigned to 22 genera were yeast fungi and 62 species + 2 varieties belonging to 19 genera were filamentous fungi. The highest number of species and genera were recovered from mango juice (56 species and 4 varieties related to 28 genera) followed by strawberry (45 species + 3 varieties belonging to 25 genera), sugarcane (44 + 2 assigned to 22 genera), then guava (41 + 1 related to 23) and orange (40 + 4 assigned to 24 genera). From the 22 yeast genera recovered, Candida (9 species + 2 varieties), Pichia and Papiliotrema (4 species each), Rhodotorula (3 species), Cutaneotrichosporon, Hanseniaspora and Wickerhamomyces (2 species each) registered the highest number of species. Candida bentonensis, C. quercitrusa, C. saitoana, C. santamariae var. membranifaciens, C. smithsonii, C. spandovensis, C. tropicalis, Cryptococcus albidus var. kuetzingii, Debaryomyces nepalensis, Hanseniaspora uvarum, Papiliotrema terrestris, Pichia kluyveri, P. terricola, Saprochaete gigas and Torulospora delbrueckii were found contaminating all juice types. On the other hand, C. cylindracea was recovered from mango juice only, C. boidinii and Pichia fermentans from guava juice only, P. manshurica and Sporobolomyces roseus from strawberry only, while none was specific for sugarcane or orange juice (Table 4) .
From 19 genera of filamentous fungi, only the genera Aspergillus and Aureobasidium, Cladosporium and Penicillium were isolated from all juice types. However, only Aureobasidium sp. and C. cladosporioides out of 62 filamentous species and 2 varieties, were recovered from all juice types. The highest numbers of filamentous species were registered in the following decreasing order: 31 species from mango > 22 from strawberry > 21 from sugarcane > 17 from orange > 16 360 from guava juice. High numbers of propagules were obtained from sugarcane juice than those obtained from the other four juices, with the lowest being recorded in guava juice (Table 4) .
Fungi recovered from fruit juices on DG18
Sugarcane juice was the most heavily contaminated with fungal CFU (487020 CFU/ml in all samples analyzed on DG18) followed by strawberry (67350 CFU), while mango (38310 CFU), orange (45420 CFU) and guava juices (59900 CFU) were less contaminated. Yeast propagules predominated in guava (accounting for 86.73% of the total CFU), mango (68.13%), and strawberry juices (55.46%), while filamentous fungi predominated in sugarcane (62.00%) and orange juices (59.00%), (Table 5) .
A total of 89 species and 3 varieties belonging to 39 genera were recovered from all juice samples investigated on DG18. From these, 31 species and 3 varieties assigned to 19 genera were yeast fungi and 57 species + 1 variety belonging to 20 genera were filamentous fungi. The broadest spectrum of species and genera were recovered from strawberry juice (41 species and 3 varieties related to 26 genera) followed by guava (36 species + 3 varieties belonging to 22 genera), mango (37 + 2 assigned to 20 genera), then orange (34 + 2 related to 23) and sugarcane juice (34 + 1 assigned to 15 genera). From 19 yeast genera recovered, Candida (7 species + 2 varieties), Papiliotrema (4 species), Pichia and Rhodotorula (3 species each) registered the highest number of species. Candida smithsonii, C. spandovensis, Cryptococcus albidus var. kuetzingii, Debaryomyces nepalensis, Hanseniaspora uvarum, P. terricola and Torulospora delbrueckii contaminated all juice types (Table 4) . On the other hand, Cystofilobasidium ferigula, Papiliotrema laurentii. P. rajasthanensis, Rhodotorula pacifica and Sporidiobolus pararoseus were recovered from sugarcane juice only, Cystobasidium minutum from mango, Pichia fermentans from guava juice only, while none was specific for strawberry or orange juice (Table 5) .
From 20 genera of filamentous fungi, only the genera Aspergillus, Cladosporium, Fusarium and Penicillium were isolated from all juice types. However, only C. cladosporioides, C. herbarum and C. sphaerospermum out of 57 filamentous species and 1 variety were recovered from all juice types. Sugarcane juice possessed high numbers of propagules of filamentous fungi, while the lowest contamination level was registered in guava juice, the same trend was recorded on DRBC. Filamentous fungi showed almost the same taxa diversity as yeasts in different juice types (Table  5) .
Fungi recovered from fruit juices on MY50G
An almost similar trend of total counts of fungi was reported on MY50G as those recovered on DRBC and DG18, where sugarcane juice was the most heavily contaminated (380020 CFU/ml in all samples analyzed) followed by strawberry (102500 CFU), while mango (50590 CFU), orange (75820 CFU) and guava (89650 CFU) juices were less contaminated. Yeast fungi registered high proportion of total CFU in guava, mango and strawberry juices (79.71-94.26% of the total CFU of fungi), while sugarcane (55.52%) and orange (77.45%) juices were highly contaminated by filamentous fungi (Table 6) .
A total of 79 species and 5 varieties belonging to 36 genera were recovered from all juice samples investigated. From these, 32 species and 4 varieties assigned to 20 genera were yeast fungi and 47 species + 1 variety belonging to 17 genera were filamentous fungi. The broadest spectrum of taxa was recovered from strawberry juice (35 species and 3 varieties related to 20 genera) and narrowest was recorded in guava (28 species + 3 varieties belonging to 18 genera). From yeast genera, Candida (7 species + 2 varieties), Pichia (4 species), Papiliotrema and Rhodotorula (3 species each), and Hanseniaspora (2 species) registered the highest number of species. Candida saitoana, C. santamariae var. membranifaciens, C. smithsonii, C. spandovensis, Debaryomyces nepalensis, Hanseniaspora uvarum, Pichia terricola and Torulospora delbrueckii contaminated all juice types. On the other hand, Pichia membranifaciens was recovered from sugarcane juice only, C. intermedia and Papiliotrema flavescens from mango juice only, Cystofilobasidium ferigula and Rhodotorula dairenensis from guava juice only, Spencermartinsiella ligniputridi, Wickerhamomyces pijperi from orange juice, and Barnettozyma californica var. californica and Candida tropicalis from strawberry only (Table 6) .
From 17 genera of filamentous fungi, only the genera Aspergillus and Aureobasidium, Cladosporium and Penicillium were isolated from all juice types. However, only A. flavus, Aureobasidium sp. and P. raistrickii out of 47 filamentous species and one variety were recovered from all juice types. The highest numbers of filamentous species were registered in strawberry and the lowest in guava juice. On the other hand, the highest number of propagules of filamentous fungi was obtained from sugarcane juice and the lowest in guava juice (Table 6 ).
Overview on genera and species diversity from various fruit juices on different media
In all products, the general medium DRBC supported more fungal species diversity than both xerophilic media DG18 and MY50G. Also, DRBC supported more propagules originated from different juice types than DG18, however, more propagules were obtained on MY50G from only guava and orange juices. On the other hand, the highest numbers of propagules were recovered on the three media were regularly from sugarcane followed by strawberry and guava, while the lowest numbers were recorded from mango and orange. Moreover, yeasts constituted almost the greatest part of propagules on DRBC, but filamentous fungi CFU exceeded on DG18 in sugarcane and strawberry and on MY50G from orange only.
Yeast fungi were recovered from all fruit juices on the three isolation media. Candida (represented by 11 species), Hanseniaspora (2), Pichia (5), followed by Cryptococcus (C. albidus var. kuetzingii), Debaryomyces (D. nepalensis), Papiliotrema (4 species), Rhodotorula (3), Saccharomycopsis (S. crataegensis) and Torulospora (T. delbrueckii) were recovered from all juice types on almost the three isolation media. C. bentonensis, C. quercitrusa, C. saitoana, C. santamariae var. membranifaciens, C. smithsonii, C. spandovensis, C. tropicalis, Hanseniaspora uvarum, Papiliotrema terrestris, Pichia kluyveri, P. terricola and Saprochaete gigas were isolated from all juice types. Some other yeast species were recovered only from one juice but not from the others such as C. boidonii and Rhodosporidiobolus odoratus (from guava), C. cylindracea (mango), Pichia manshurica (strawberry), Sporidiobolus pararoseus (sugarcane) but none was specific for orange juice. Others were reported from all except sugarcane (C. santamariae var. santamariae), strawberry (P. membraifaciens, Rhodotorula dairenensis, Saccharomyces paradoxus, Zygoascus meyerae) and guava (R. glutinis), while the remaining yeast species were recorded from 2 or 3 juices.
Filamentous fungi with only Aspergillus (13 species + 1 variety), Aureobasidium sp., Cladosporium (8 species), Exophiala (2), Fusarium (6) and Penicillium (18) were found contaminating all juices on almost all isolation media. More frequently isolated species from all juices comprised Aspergillus flavus, Cladosporium cladosporioides, C. herbarum, C. sphaerospermum, P. chrysogenum and P. raistrickii. Notably, some species were reported on the xerophilic media only such as .489** Significant (* P < 0.05) or high significant (** P < 0.01), note that species varieties are calculated as species. 
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